Abstract. This paper proposes a fireman positioning method based on RFID technology, which combined RSSI and TOF ranging in automatic positioning firefighters. When the system can't measure the distance due to various reasons, it will estimate the target location of the current based on historical data. The experimental results show that the method can position targets quickly and accurately. So it can be used in fighters positioning for the fire.
Introduction
In recent years, due to the increase of electric power, the number of fire disaster also presents the trend of increased year by year, and the fireman safety accidents also increased. In order to ensure the safety of firefighters, positioning firemen in the fire has become an important guarantee to protect the safety of firefighters [1] . The WSN, GPS, the orientation of ZIGBEE, radar, WIFI and cellular networks are traditional non-visual positioning methods. They have a lot of shortcomings, such as high cost, lack of practical and the precision of positioning [2] [3] [4] [5] [6] . RFID technology has lots of advantages, such as the large range of transmission, high positioning accuracy, convenient installation, low cost and so on. In fire environments, it has obvious advantage.
In this paper, it proposes a fireman positioning method based on RFID technology, which combined RSSI and TOF ranging in automatic positioning firefighters [7] . When the system is able to obtain target location information, it determine the target location by using the least square method. In the process of operation, if the ranging failed occasionally, it will estimate the location of the object by using the trajectory fitting based on the previous data location.
The spatial three-dimensional coordinates
Assuming that there are several reference nodes in the three-dimensional space, P 1 （a 1 ,b 1 ,c 1 ）,P 2 （a 2 ,b 2 ,c 2 ） ,……Pn （an,bn,cn） , moving in three-dimensional space coordinates of measuring points P(x,y,z), and the distance between the reference node to the mobile node is d 1 , d 2 ,...,d n respectively. Then it can establish a specific (x, y, z) and the reference node (x i , y i , z i ) and their respective distance between equations based on the three dimensional space and distance formula. (   2  2  1  1  1  1   2  3   2  2  2  3  2  3  2  3   2  2   2  1  1  2  1  2  1 The coefficient matrix is:
, And the unknown vectors is :
The product is: . In order to get the only sure coordinates X, you will need to meet R(A,b)=3, that means the type (1) at least has four lines. That is to say, to solve the unknown target location in the 3d environment coordinate, we need to set up at least four reference nodes in the same plane to determine the coordinates.
But in practice, because the measurement environment is not ideal, there will be certain error range. This will lead to four for measuring point as the centre, distance to the reference node is specific for the radius of the ball not intersect for a bit. And in the process of actual measurement, the interference and obstacles often appear all sorts of equipment. This will lead to the pending a point of reference for the mobile node can't receive all information, which will lead to type (3) the underdetermined and can't locate the target. Therefore, under normal circumstances, when do firemen positioning, it will set several reference nodes, make the type (3) for the overdetermined equations [8] [9] [10] . When the type (3) 
Estimate the instantaneous coordinates of the under test moving target
In the process of actual fire, the reference nodes detected by the mobile nodes will be less than 4. At this point type(3) is under determined, the system couldn't get the under test moving target coordinates. But in actual fire rescue, as a result of environmental impact, the speed of firemen in the fire isn't particularly fast, and firefighters in general are moving as fast as possible. At the same time, the moving target positioning are often repeated. Accordingly, when it can't be located, we can set up the target trajectory model according to the results of previous target positioning the location of the trajectory. Then reuse the model to fit out the current time target location coordinates [10] [11] [12] . The movement of firemen in the fire can be regarded as uniform or variable motion in several positioning times. When the system target failure, we can use previous motion speed, positioning time interval and a moment before the target location information to estimate the target location coordinates at the current moment.
Suppose the system positioning for T, and the coordinates of the goals in each of the positioning time t 0 ,t 1 , … ,t n-1 ,t n ,t n+1 , … is (x 0 ,y 0, z 0 ), (x 1 , y 1 , z 1 ) , … ,(x n-1 ,y n-1 ,z n-1 ) , (x n ,y n ,z n ), (x n+1 ,y n+1 ,z n+1 ),…respectively. The evaluation rate of the goal in the time (t i-1 ,t i )(i = 1,2,3,…) within x, y, z axis direction is: of time (t i-1 ,t i ) along the y axis and z axis. Postulate that the moving target coordinates is (x i-1 ,y i-1 ,z i-1 ) at the time t i-1 , then we can calculate the moving targets in time ti coordinates as follows:
The experimental results and analysis
The simulation experiment about the movement of the firefighters is at a regular speed in the 35 * 65 m indoor. Because of the experimental conditions, the mobile node to be measured and the reference node environment are at the same horizontal plane. As a result, the 3d coordinates can be degraded into two coordinates at this point, and the required number of reference nodes to the location should be reduce to 3.
In the same horizontal plane, to 30 m direction for the x axis, 60 m for the y direction, establish xoy right Angle coordinate system. Select the coordinate system in the first quadrant of 10 random coordinates to be the reference node. The reference nodes are 1(720,2920) , A2(1180,2680) , A3(1200,110) , A4(1470,4340) , A5(2250,440) , A6(2510,870) , A7(2540,5710) , A8(2640,2260) , A9(2880,3510) , A10(3000,1680) respectively. Under test target roughly along the y=2x direction, the positioning interval is 500 ms, and record every moment target's actual location.
Because there may be some errors when positioning and measurement coordinates, when positioning in practice, moving target's actual coordinates is defined as the actual measured values with random error between 0 ~ 50 cm. We can detect at least three reference nodes at every moment in the indoor basketball courts, so we will shut down the reference node detector at the positioning moment of 8,13,16,19,24,29 artificially. And estimate the coordinates by using the positioning data that success of target location at former four times. Compared the moving targets under actual coordinates with positioning or estimate coordinates of the system, such as 1. 
Conclusion
This paper proposes a fireman positioning method based on RFID technology, which combined RSSI and TOF ranging in automatic positioning firefighters. When the system can locate, it determines target real-time coordinates with the least square method by setting the redundant reference node. When the system cannot locate, it determines the target coordinates by using the previous target coordinates and trajectory fitting method. By analyzing the experimental results, it can be found that the method can positioning in real time and accurately. The method has better performance in precision, computing speed and positioning cost. Therefore, the system has certain engineering use value, and it can be applied in fire firefighters positioning effectively.
